Sphygmomanometers are usually sold with a single cuff though some are supplied with a short cuff as standard and offer a longer one for larger arms. However, data on the differences in measurements taken with different cuffs applied to different sized arms are conflicting and this study set out to investigate the difference between those taken with 'normal' and 'large' cuffs in arms 28 cm or more in circumference. We avoided observer error by using a semi-automatic digital sphygmomanometer, the Omron 705CP. The 22 subjects employed were selected from one general practice as having a range of previous office blood pressures and a variety of arm sizes above 28 cm in circumference. Omron 'normal' and 'large'
Introduction
The effect of cuff size on BP measurement was first noted by Von Recklinghausen in 1901 1 who reported that readings taken with a bladder of 12 cm in width were more accurate than the narrower ones introduced by Riva-Rocci a few years earlier. The principle that the bladder should encircle at least 80% of the upper arm has been widely accepted 2 and is the only specification included in the British Standards Institute (BSI) recommendations. The subject was reviewed by O'Brien in 1996 3 as a 'century of confusion'. He presented the evidence that the 23 cm to 24 cm bladder cuff, the standard up until the late 1980s and still widely used, produced systematically high readings in Caucasian populations, and that the subsequently recommended 30 cm or longer had the opposite effect. He concluded that the preferred bladder length is 26 cm but, to date, cuffs of this length are not available. He also pointed out that, realistically, arm measurement would not become a universal clinical procedure, and that the only solution would be the design of a cuff which could give accurate measurements whatever the arm size.
Bladder width is seen as less critical. However, there was much early evidence of the overestimation of blood pressure (BP) if too wide a cuff is used and Brazilian reports have more recently shown that a 12-cm width bladder causes large numbers of normotensive subjects to be diagnosed as hypertensive. 4 Current official British and United States recommendations are that a 12-cm cuff is suitable for all adult arms. 5, 6 The British Hypertension Society's (BHS) protocol for the validation of sphygmomanometers, 7, 8 applying mainly to ambulatory devices, uses the BSI recommendation that the bladder of the cuff should encircle 80% of the arm circumference and that the bladder should be changed for obese arms. The American Advancement of Medical Instrumentation (AAMI) document, 6 though not published in a scientific journal, makes similar recommendations. Neither give any specific bladder dimensions.
Studies of cuff size have invariably used mercury sphygmomanometers which are the gold standard as regards accuracy. They are, however, subject to observer error and, when used in scientific evaluations, must employ observers who have been trained, assessed and are monitored, and the test protocol requires the employment of several such staff. A mercury instrument is, of course, essential for comparison when evaluating a non-mercury one, but the testing of other parts of the measurement system, such as cuffs, can be carried out using a semiautomatic oscillometric device which avoids observer error.
Older and less accurate models of semi-automatic sphygmomanometers are usually sold with a single cuff and, interestingly, the seven subjected to testing by the BHS in 1989 had all been submitted with 35 cm bladder cuffs. 9 More recent and sophisticated instruments supply a short cuff as standard but offer a longer one for larger arms. For instance, the Omron 705CP has cuffs with bladders 22 cm by 12 cm and 30 cm by 15 cm, the latter having stamped on it that it should be used for upper arm circumferences of 32 cm or more. 10 However, most users purchase only the short cuff and most reports of the use of semiautomatic instruments either do not mention cuff size, [11] [12] [13] [14] or state that the manufacturers recommendations were followed. 15, 16 The BHS evaluations use the cuff given by the supplier, in the case of the Omron 705CP, 17 the shorter cuff, quoting its overall dimensions but not its bladder size, and employing a wide range of subjects with arm circumferences between 21 and 41 cm. There have been no published standards for the validation of cuffs in the measurement of BP.
As the future use of mercury in clinical instrumentation is under threat for environmental reasons, semiautomatic devices are being increasingly employed. There are conflicting data on the differences in measurements taken with different cuffs applied to different sized arms and the present study set out to investigate this issue. We assumed that the shorter cuff gives accurate measurements where the arm is less than 28 cm in circumference 2 and we employed only patients with larger arms. We aimed to answer the question, what is the difference between measurements taken with the Omron normal and large cuffs in arms 28 cm or more in circumference?
Method
The manufacturers of Omron instruments designate their standard short cuff as 'M' and the larger one as 'L' and this nomenclature is used here. An Omron HEM 705CP was first subjected to static device validation using a 'Y-tube' to a mercury instrument, wrapping first an 'M' and then an 'L' cuff around a solid cylinder and, using a special valve to allow pauses in pressure during descent, compared the digital with the mercury readings at 90, 180 and 240 mm Hg. This test is similar to that used by the manufacturers. A calibration check was then carried out, using the 'Y-tube' to a mercury instrument, taking 18 to confirm that that the instrument in use achieved an expected degree of accuracy. Both tests gave similar values in both devices.
Subjects were selected from a general practice database (AAHMeditel) in three equal groups with previous systolic BPs in the ranges shown in Table 1 . These are the ranges given in the BHS validation protocol, 7, 8 though not as a requirement and not forming any part of the calculations. Having selected equal numbers of patients in this way, they were then put into a single group for the purposes of the investigation and their previous BPs were not used in any subsequent calculations.
Each patient's upper arm circumference was measured midway between the antecubital fossa and the axilla, and only patients with arms у28 cm were used in these tests. This arm size threshold was used because it included those patients whose upper arms were too big to be 80% encircled by the 'M' cuff. Half of the subjects had a circumference in the range 28 to 31 cm and the other half between 32 and 36 cm.
After a 5 to 10-min rest, 'M' cuffs and 'L' cuffs were used alternately, taking five BPs with each to a total of 30 readings per patient, starting with a cuff randomly selected by the toss of a coin. Twenty-two subjects were employed, the resulting 660 readings, 330 with each cuff, being a sample size having a 95% power to detect an effect size of 0.2 using a paired samples t-test with a 0.05 two-sided significance level. Left arms were used throughout for convenience. One of two observers carried out the tests but since observer error was not an issue, it was not necessary to use the schedule of observer assessment described in instrument validation tests. 7, 8 Means of systolic and diastolic values using 'M' and 'L' cuffs were calculated and the differences between these means compared by paired sample ttests and 95% confidence intervals using SPSS.
Results
Mean BPs in 'M' and 'L' groups and differences between them are given for all subjects and by BP Table 2 . The division into two groups at a systolic BP of 140 mm Hg by 'L' cuff mean is an arbitrary one which separates the normotensive from the borderline and hypertensive. The table shows systolic/diastolic differences of 2.7/3.8 (s.d.s 4.7/2.8) for all subjects, for the normotensive group of 7.1/4.7 and for the hypertensive group of −1.9/3.0 All differences are statistically significant and all but the systolic BP in the borderline and hypertensive group like to be clinically so.
Discussion
We have shown that in patients with arm circumferences of у28 cm, the differences between mean systolic and diastolic pressures measured with Omron 'M' and 'L' cuffs were clinically significant. We used a method which avoided observer error which may have affected the results of previous cuff comparison studies.
There are no other reports of cuff comparisons using a semi-automatic sphygmomanometer but those which compare cuffs using mercury devices have found differences similar to ours. An early comparison of 23 cm and 35 cm bladders in largely non-obese patients with an unstated range of BPs found mean systolic/diastolic differences of 4.2/3.8 mm Hg. 19 King, in his seminal work on the 'pressure gradient hypothesis', 20 advised a cuff bladder length of 42 cm for all arms. A study of 84 000 measurements in 1240 obese subjects was published in 1982 21 which showed that, comparing 23 cm and 33 cm bladder cuffs, in arms of 30 cm, the systolic/diastolic differences were 4/3 mm Hg. These workers recommended the use of corrections to take account of cuff and arm size.
A more recent study comparing cuffs with bladders of 23 cm and 36 cm in patients with arm circumferences between 25 cm and 40 cm found mean systolic/diastolic differences of only 2.1/1.6 mm Hg. 22 These investigators concluded that cuff size is of minor importance in BP measurement in
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comparison with other factors and found no justification for recommending different cuffs for lean or obese arms. We note that they used a normotensive population for their study and their results may not apply to hypertensive patients. In our normotensive group, with a mean 'L' cuff systolic BP Ͻ140 mm Hg, the differences are greater (systolic 7.1, diastolic 4.7 mm Hg), and in the borderline and hypertensive group, systolic BP у140 mm Hg, they are less (systolic −1.9, diastolic 3.0 mm Hg). Differences between cuffs have previously been shown to vary according to the BP, but many studies do not take this factor into consideration. Where they do, the difference is most often greater the higher the BP and our results in this respect are therefore unexpected.
What is the practical significance of our findings? The lack of precision in BP measurement is frequently commented upon and despite the fact that virtually all clinical decisions relating to the diagnosis and management of hypertension are based on BP measurement, widely accepted principles of the technique are often disregarded. Since many patients' BPs cluster around the values set as criteria for treatment or for adequate control, a few millimetres of mercury difference can frequently affect important clinical decisions in substantial numbers of them. This highlights the importance of our finding that the differences are greater in our normotensive group. From the results of the study, therefore, we recommend that 'L' cuffs should be used with all patients with an arm circumference of 28 cm or above.
Three problems remain.
• The Omron 'L' cuff is 15 cm in width and will prove too wide for the upper arms of some short armed subjects, even though the tendency for wide cuffs to overlap the antecubital fossa is less important when using an oscillometric device because the cuff does not have to leave room for a stethoscope.
• The 'L' cuff was not submitted with the Omron 705CP for the BHS validation procedure and, because its physical characteristics are not the same as those of other cuffs, having a firmer backing and a valve to allow more rapid deflation, it cannot be unequivocally recommended without being first subjected to validation.
• Since the measurement of arm circumference is unlikely to become universal clinical practice, we cannot envisage the routine use of the correct cuff for larger arms. A practical compromise, suggested in 1982, 21 is that the arm should be measured and recorded whenever a decision is to be made with a borderline or mildly hypertensive patient.
